Introduction
The airway starts at the anterior nasal vestibule and ends at the lung parenchyma. This includes the nasal cavity, nasopharynx, oral cavity, oropharynx, larynx, hypopharynx, trachea, and bronchi. When evaluating a child with noisy breathing, it is important to assess the airway in a systematic manner. A thorough history is important. This includes assessment of the severity or progression of symptoms, and whether the symptoms are worse with feeding or increased exertion. The severity determines the urgency of complete evaluation. Apparent life-threatening events (ALTE) warrant prompt multidisciplinary evaluation (McMurray, 1997) . Inspiratory stridor generally originates from the larynx, while expiratory stridor from the trachea or bronchi. Stridor that is biphasic (both inspiratory and expiratory) typically indicates a fixed obstructive lesion is present. Depending on symptomatology, the addition of endoscopic evaluation of the airway to the basic physical examination can be extremely beneficial. A definitive diagnosis is critical to proper treatment intervention.
Types of endoscopy
Endoscopic evaluation of the pediatric airway can be accomplished with both rigid and flexible endoscopes. It can be done awake in the office or under general anesthesia. In the office, awake flexible endoscopic examination of the nasal cavity, nasopharynx, oropharynx, hypopharynx, and larynx can be performed. Rigid endoscopy, using various sizes and degrees of scopes, is used to evaluate the nasal cavity and nasopharynx. Transoral rigid endoscopy with an angled scope to evaluate the oropharynx, hypopharyx, or larynx is not well-tolerated in children. Awake flexible fiberoptic endoscopy allows for full assessment of the upper airway to the level of the true vocal cords. An advantage to awake exanimation is that direct visualization of the airway can be correlated with the noisy breathing of the child, helping to identify the cause. Vocal cord function is best assessed using awake flexible fiberoptic laryngoscopy. In the past, awake evaluation of the upper airway in children was limited to the level of the true vocal cords, however there is some evidence that flexible fiberoptic laryngoscopy with tracheoscopy can be performed in the office setting without complications (Hartzell, 2010) . Due to potential risk of laryngospasm and airway www.intechopen.com compromise, such evaluation is generally done in the operating room. Under general anesthesia, the assessment of the airway is best for static lesions, however, if the patient can be kept breathing spontaneously, a more dynamic assessment of the lower airways (trachea and bronchi) can be performed. A rigid bronchoscope allows for ventilation (providing adequate time for complete inspection) as well as visualization of the segmental bronchi. While some advocate using a telescope alone to evaluate the trachea and proximal main bronchus, it is difficult to examine the distal portions of each main bronchus and the segmental bronchi.
Fig. 1. Equipment
An operating room with systematic organization of various sizes of rigid bronchoscopes, telescopes, laryngoscopes, and flexible fiberoptic scopes.
Abnormalities of the nasal cavity
3.1 Nasal vestibular stenosis and pyriform aperature stenosis Nasal vestibular stenosis results from disruption of the vestibular lining with proliferation of granulation and fibrous tissue. It has occurred in association with nasal CPAP use (Jatana 2008 (Jatana ,2010 , prior nasal surgical procedures, nasal packing (Karen 2000) , excessive cautery for epistaxis (Bajaj, 1969) , birth trauma (Jablon, 1997) , and flash burn injury (Salvado, 2008) . Anterior nasal endoscopy may be required to look for vestibular stenosis, and it can be significant in a neonate who is an obligate nasal breather. Congenital nasal pyriform aperature stenosis, is a different entity causing a narrowing at the level of the pyriform aperature (Ramadan, 1995) .
Nasal septal deviation
This is a common finding on endoscopy of the nasal cavity. The nasal septum is composed of cartilage and bone, and deformities can contribute to nasal obstruction. This can be developmental or acquired due to nasal trauma. A statistically significant higher incidence of nasal septal deformities has been shown with a history of nasal injury (Zielnik-Jurkiewicz, 2006) www.intechopen.com Fig. 2 . Nasal septal deviation Nasal endoscopy using a 0 degree endoscope in the right nasal cavity, showing a nasal septal deformity to the right compromising the nasal airway.
Nasal polyposis
Nasal endoscopy can be useful in the diagnosis of nasal polyps which generally result from chronic inflammation. The development may be related to chronic rhinosinusitis, asthma, allergic rhinitis, or cystic fibrosis (Triglia, 1997) . Patients with cystic fibrosis, an autosomal recessive condition, frequently develop chronic rhinosinusitis with or without nasal polyps (Franco, 2009; Weber, 2008) . Imaging is critical prior to any surgical intervention as tumors or masses with intracranial extension can be present in the sinonasal cavity of children. Endoscopic sinus surgery can be used to remove polyps as indicated.
Anterior cranial fossa masses
Dermoid sinus (with/without intracranial extension), encephaloceles, and gliomas are the most common midline nasal masses (Hughes, 1980) , and imaging must be performed prior to any surgical intervention. If intracranial extension is not known, there is risk of CSF leak, meningitis, or intracranial injury (Hedlund, 2006) . If a skull base defect is present, it may need to be repaired simultaneously which can be done either endoscopically or by craniotomy depending on the size and intracranial extent. This rare nasal mass, a chondromesencymal hamartoma, is a benign congenital lesion that has known propensity to have intracranial extension. This can mimic the appearance of a meningoencephalocele (Kim 2004) .
Choanal atresia
A failure of the posterior nasal aperature to canalize results in choanal atresia, and this can be unilateral or bilateral. It was first described in 1755 by Roederer and occurs in 1 of 5000-7000 live births. A newborn is an obligate nasal breather. Neonates with bilateral choanal atresia require endotracheal intubation at the time of birth (Deutsch, 1997) . It has been shown that 71% of these are mixed (bony and membranous), and 29% are bony atresia (Brown, 1996) . Nasal endoscopy can be used to show the atretic plate in the back of the nasal cavity along the nasal floor. In most cases, repair can be successfully performed endoscopically (Hengerer, 2008; . At the top, a 0 degree endoscope in the nasal cavity of a newborn child who had respiratory distress immediately at birth. Note the blocked choana bilaterally (right & left). The middle image shows the right and left posterior nasal cavity, 2 weeks after endoscopic repair. At the bottom is a view through a 120 degree endoscope with the soft palate retracted anteriorly. Note the posterior choana before (left) and after (right) endoscopic repair.
Nasal septal perforation
The nasal septum, consisting of both cartilage and bone, divides the left and right nasal cavities. A perforation, or hole, in the septum can cause non-specific symptoms, including epistaxis, obstruction, crusting, whistling, and pain. Causes of perforation include: chronic trauma, piercings, intranasal placement of button batteries, drug use (including cocaine), industrial metal plating solutions, intranasal steroid use, surgical trauma, nasal cautery, Wegener granulomatosis, sarcoidosis, and syphilis (Diamantopoulos, 2001; Lanier, 2009) . Some large nasal septal perforations have been repaired using an endoscope-assisted approach (Giacomini, 2011) . 
Abnormalities of the nasopharynx

Adenoid hypertrophy
The adenoid tissue in the nasopharynx, consists of lymphoid tissue, which is typically small at birth and enlarges to various degrees during early childhood. It often involutes during late childhood. Obstructive adenoid tissue can be related to nasal obstruction symptoms (snoring), eustachian tube dysfunction, and chronic sinusitis. Adenoidectomy is one of the most common surgical procedures done in children. The adenoid tissue can be easily visualized transnasally with a 0 degree endoscope, note the moderate obstruction in this patient.
Meningocele
A meningocele in the nasopharynx must be kept in the differential diagnosis of pediatric nasopharyngeal masses. It has a cystic appearance, originates intracranially from herniation of meninges, and is filled with cerebral spinal fluid (CSF). A congenital defect in the skull base is usually present, and both CT and MRI are critical for surgical planning. This was a skull base meningocele in a 6 week old child. It was filled with clear fluid (CSF), repair of the skull base defect is necessary to avoid CSF leak and reduce risk of meningitis.
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Note the limitation of picture definition and brightness when the surgeon has to use a smaller diameter telescope lens.
Juvenile Nasopharyngeal Angiofibroma (JNA)
JNA is a benign vascular tumor that arises in the nasopharynx of adolescent males. It often presents with unilateral recurrent epistaxis or nasal obstruction. JNAs originate from the sphenopalatine foramen, commonly extend to the nasal cavity and nasopharynx, and can also extend to the pterygopalatine fossa, infratemporal fossa, orbit, or intracranially. Transnasal rigid or flexible endoscopy typically gives good visualization of the lesion. JNAs can often be removed with minimally invasive endoscopic surgery (Douglas, 2006) , while some require traditional open surgical approaches (Bales, 2002) . 
Nasopharyngeal hamartoma
A hamartoma is a benign, abnormal proliferation of normal tissue. It can be composed of tissue from all 3 germ layers. In the head and neck region they can be found in the oral cavity, nasal cavity, and nasopharynx (Hulsmann, 2009 ). The overall incidence of nasal hamatomas is 1 in 20,000 to 40,000 live births (Harley, 1991) .
Abnormalities of the oropharynx
Lingual Thyroglossal Duct Cyst
Thyroglossal duct cysts (TGDCs) are congenital and can arise at any point along the typical path of the thyroid gland during embryogenesis. Initially formed in the midline base of www.intechopen.com tongue, the thyroid gland descends to the final location low in the anterior midline of the neck. TGDC is the most common congenital pediatric neck mass (Koeller, 1999) . When found in the oropharynx at the base of tongue, these lesions are termed lingual TGDCs. Transnasal flexible fiberoptic laryngoscopy can often visualize these at the tongue base. Endoscopic surgery for removal has also been described (Burkhart, 2009) . Proper diagnosis and treatment is important as swelling or growth can lead to airway obstruction (Kuint, 1997; Fu, 2008) .
Vallecular cyst
A vallecular cyst is simple cyst, typically lined with respiratory epithelium and mucous glands, which forms on the lingual surface of the epiglottis (Gutierrez, 1999) . They typically present with stridor, feeding problems, and upper airway obstruction (Gluckman, 1992 , LaBagnara, 1989 . They can be visualized and diagnosed with flexible fiberoptic laryngoscopy. Marsupialization of the cyst is typically curative. On left, using a flexible fiberoptic laryngoscope placed into the nasopharynx (looking down at the tongue base), a large cystic mass originating from vallecula. Posteriorly there is evidence of cobblestoning of the pharyngeal wall. On right a vallecular cyst in a neonate which caused an apparent life-threatening event (ALTE).
Abnormalities of the hypopharynx
Pyriform sinus tracts
Tracts originating from the pyriform sinus within the hypopharynx have also been referred to as third or fourth branchial sinuses, fistulas, or remnants. The vast majority are left-sided, but rarely can occur on the right or be bilateral. These can be the etiology of recurrent neck abscesses or thyroiditis. Treatment options include cautery of the sinus orifice and definitive surgical excision of the tract including thyroid lobectomy. Recently, endoscopic cautery has been advocated as the initial treatment option as it carries less potential morbidity than open excision. (Chen, 2009; Verret, 2004) On the left, note the fistula opening in the left pyriform sinus. On the right, endoscopic cautery was performed using silver nitrate to obliterate the opening which is the source of bacterial contamination of the tract.
Abnormalities of the larynx
Supraglottis and glottis
Flexible fiberoptic laryngoscopy can be used for excellent visualization of the supraglottis and glottis. This is often done initially in the outpatient clinic setting as this procedure is very well tolerated in awake infants and children. Laryngomalacia is the most common congenital laryngeal anomaly causing stridor in infants (Thompson, 2007) . Inspiration leads to dynamic collapse of supraglottic structures, the cause of the upper airway obstruction and stridor. Failure of the primitive larynx to recanalize during the tenth week of embryogenesis can lead to laryngeal web formation (McGill, 2000) . As they are most Fig. 11 . Laryngomalacia www.intechopen.com common at the level of the glottis with variable extension to the subglottis, symptoms include a weak voice and/or upper airway obstruction. Saccular cysts and laryngoceles also are abnormal dilations of the laryngeal saccule that contain either mucoid fluid or air respectively. They can present as swellings in the area of the false vocal fold as seen on flexible fiberoptic laryngoscopy. These relatively rare lesions have been characterized in detail in the literature (Holinger, 1978; DeSanto, 1970) . Vocal cord paralysis is best assessed on awake flexible fiberoptic laryngoscopy. Static evaluation of the posterior larynx with a probe is necessary to look for a laryngeal cleft (type I-IV). Children can present with symptoms of stridor, aspiration, and/or respiratory distress (Rahbar 2006) . While all type IV clefts require open surgical repair, correction can be done endoscopically in type I-II clefts, and even some type III clefts (Garabedian 2010) . Note the "omega" or "tubular" shaped epiglottis. The aryepiglottic folds are shortened, pulling arytenoids anteriorly. Collapse on inspiration causes stridor and can be directly correlated in the office setting. In severe cases, on awake flexible fiberoptic laryngoscopy the vocal cords cannot be visualized due to this supraglottic obstruction. Supraglottoplasty can be performed in severe cases with failure to thrive or respiratory compromise. The vocal cords have limited mobility due to an anterior glottic web. This narrows the glottic airway causing biphasic stridor. Endoscopic surgical repair can be performed.
Fig. 14. Glottic foreign body
A pencil shaving lodged in the glottis of a child with severe stridor. This was emergently removed in the operating room. The cleft extends down through the cricoid cartilage below the vocal cords. With palpation, there is only a cleft of soft tissue posteriorly, no posterior cricoid lamina. It does not enter the thoracic cavity, so is therefore a type III. This cleft is a direct connection between the esophagus and trachea leading to aspiration with feeding.
The subglottis
The subglottic region is generally difficult to visualize on awake flexible fiberoptic laryngoscopy in the office setting. Subglottic stenosis can be congenital or acquired, and open laryngotracheal reconstruction has been successful (Cotton 2000) . Endoscopic management including dilation, laser, mitomycin c, and steroids have also been used (Quensel 2011).
Fig. 18. Glottic and subglottic cysts
Commonly as a result of intubation, sometimes ductal cysts form from occluded submucosal glands. These can be asymptomatic if small. Erosion of mucosa overlying posterior cricoid lamina, due to direct pressure from endotracheal tube. Exposed cartilage is seen posteriorly (white). This can lead to subglottic stenosis after intubation.
Fig. 20. Congenital subglottic stenosis
Note the narrowing below the vocal cords at the level of the cricoid cartilage and first tracheal ring, Grade III in this patient. This same patient, after a laryngotracheal reconstruction with anterior thyroid ala cartilage graft, the post-operative bronchoscopy shows a well-mucosalized graft. Top left: Endoscopic view of the true vocal cords, showing laryngeal papilloma of the right true vocal cord; Top right: After endoscopic removal using microdebrider. Bottom left, tracheal papilloma at the carina; bottom right, after endoscopic surgical removal.
Recurrent Respiratory Papillomatosis (RRP)
RRP is the most common benign neoplasm of the larynx and the second most common cause of hoarseness in children. It is caused by human papilloma virus and can have either childhood or adult onset. There is no cure for RRP and malignant transformation can rarely occur. Due to location and airway obstruction, surgical debulking is necessary in symptomatic patients. Adjuvant therapies include cidofovir, acyclovir, ribavirin, interferon, photodynamic therapy, indole-3-carbinol, cox-2 inhibitors, and retenoids. A quadravalent HPV vaccine is available and may help reduce the incidence of RRP in the future. (Derkay, 2008) . Extra-esophageal reflux has been linked to the disease course in some patients with RRP (McKenna, 2005; Pignatari, 2007) .
Abnormalities of the tracheobronchial tree 8.1 Tracheobronchomalacia
A condition where there is collapse of the lumen due either intrinsic (primary) or extrinsic factors (secondary). The extraluminal pressure exceeds the intraluminal pressure and can be most significant on expiration. This can cause significant airway obstruction (Austin, 2003; Boogaard 2005) . Tracheomalacia is commonly seen in patients with tracheoesophageal fistula. Narrowing of the left bronchial lumen is seen through a rigid bronchoscope as well as follicular changes of the mucosa.
Complete tracheal rings
A rare condition characterized by complete cartilaginous rings of the trachea, which can be of short segments or the entire length of the trachea. The surgical management of this condition has evolved over the past two decades (Backer, 2001) . Currently, reconstruction methods can include excision of short segments with end-to-end anastomosis and slide tracheoplasty for longer segments (Russell, 2010) . A slide tracheoplasty, unless done in a cervical tracheal location, is often done on cardiopulmonary bypass. Often a vascular anomaly, such as pulmonary artery sling is present, and it can be repaired simultaneously (Rutter 2003) . Tracheal reconstruction has been successful in even patients with unilateral lung agenesis or severe hypoplasia (Backer, 2009) . Note the concentric complete rings, absent membranous trachea posteriorly, resulting in a distal tracheal stenosis. On the right, the same patient 6 weeks after undergoing a slide tracheoplasty
Airway hemangioma
A hemangioma is a benign, vascular tumor. Rarely, these arise in the airway and can cause airway obstruction in the first year of life.Treatment options have included endoscopic resection, open resection, systemic or injectable steroids, tracheostomy (to bypass obstruction), interferon, observation (Rahbar, 2004) and more recently, propanolol therapy (Maturo, 2010) . 
Tracheobronchial foreign body and plastic bronchitis
Bronchial foreign bodies can be life-threatening due to acute airway obstruction. Anatomically, an inhaled foreign body is most likely to enter the right bronchial tree in children of all ages as the proximal right main bronchus is generally steeper and wider than the left (Tahir, 2009 ). Rigid bronchoscopy is not only diagnostic but also therapeutic using optical forceps to remove foreign bodies under direct visualization. While ventilating the patient through the scope. Communication between the surgeon and anesthesiologist is critical for optimal results (Zur, 2009 ). Plastic bronchitis is rare condition where bronchial casts form resulting in lifethreatening obstruction. This has been associated with congenital heart disease, particularly after patients undergo a Fontan procedure (Tzifa,2005; Ishman, 2003; Preciado, 2010) . Other causes of bronchial casts include cystic fibrosis, asthma, and influenza H1N1 (Terano 2010) . The exact etiology for these is unknown, and treatment includes immediate endoscopic removal of the airway obstruction. Various adjuvant therapies including chest physiotherapy, aerosolized urokinase and tissue plasminogen activator, corticosteroids, DNase, and macrolides have been used with limited success (Brogan, 2002; Preciado, 2010) The optical graspers (telescope with attached camera) through a rigid bronchoscope are used to remove a molar tooth unusually lodged in the the left upper bronchus.
Vascular rings
A "vascular ring" refers to any anomaly of the aortic arch that leads to compression of the trachea, and/or esophagus. Most children will present early in life with breathing and feeding difficulties. Only the double aortic arch and right aortic arch with left ligament are true complete vascular rings; the innominate artery compression and pulmonary artery sling are incomplete from an anatomical standpoint. Endoscopic evaluation with laryngoscopy and bronchoscopy is helpful to assess the degree of airway compression (Shah, 2007; Russell, 2010) . The double aortic arch occurs when two arches arise at the ascending aorta, pass around both sides of the trachea and esophagus, to join the descending aorta. The right aortic arch occurs when the apex of the arch is to the right side of the trachea; various configurations are possible. Innominate artery compression of the anterior trachea is often due to a more left and posterior origination from the aorta (Russell 2010) . If severe, suspension of the innominate artery to the posterior aspect of the sternum has been performed (Moes, 1975) . Bronchoscopic evaluation after suspension confirms adequate relief. Pulmonary artery sling occurs when the left pulmonary artery originates from the right pulmonary artery, coursing around the right main bronchus and distal trachea, between the trachea and esophagus, to return to the left side. Pulmonary artery sling is often associated with complete tracheal rings and surgical correction of both can be performed simultaneously (Russell 2010) . Fig. 30 . Tracheomalacia, secondary to vascular ring A child with a double aortic arch, prior to surgical repair, note the external tracheal compression causing airway obstruction.
Blunt laryngotracheal trauma
Blunt trauma to the anterior neck can be a life-threatening injury. Significant injury in children is not common as the larynx is higher in location within the neck, and the laryngeal cartilage structures are more flexible than adults. Symptoms can include hoarseness, stridor, respiratory distress, subcutaneous emphysema, dysphagia, neck pain, and hemoptysis. In a stable child with suspected injury, flexible endoscopic evaluation of the larynx can be performed to determine if further surgical intervention would be needed (Gold, 1997) . Endotracheal intubation of such cases can be catastrophic resulting in laryngotracheal separation and death (Bernat, 2005) . In severe injury, tracheotomy is required for obtaining a stable airway. Children often cannot undergo an awake tracheotomy procedure under local anesthesia, so rigid bronchoscopy using a ventilating scope is critical in securing the airway prior to tracheotomy and open surgical repair.
Conclusion
The advancement in endoscopic technology combined with contemporary surgical applications has helped progress the field of diagnostic airway evaluation in children, as well as therapeutic interventions. Certainly, with enhanced visualization, the ability to more safely manage the airway allows for optimal care of children with congenital and acquired anomalies. There is a definite role for endoscopic surgery in pediatric otolaryngology.
